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Summary 

Precooked  sliced  beef  (>♦"),  sliced  pork  (^4"),  apd  ground  beef  have 
been  freeze-dried  from  eight  to  sixteen  hours.  Various  factors  as 
internal  temperature  of  precooking,  grade  of  meat,  prefreezing  tempera¬ 
tures  and  freeze-drying  cycles  have  been  considered.  Both  radiant  heat 
and  plate  contact  methods  have  been  utilized  with  the  best  results  ob¬ 
tained  with  the  radiant  heat-  principle. 

Rehydration  studies  have  indicated  the  differences  in  moisture 
levels  regained  with  the  use  of  different  temperature  levels  of  rehydrat¬ 
ing  fluids.  Rehydration  in  a  solution  of  0*5^  tripolysodium  phosphate  at 
72®  F,  results  in  a  higher  per  cent  moisture  regained  than  whole  slices 
in  water  at  72®  F.  The  rehydratability  of  stored  samples  regardless  of 
storage  temperature  were  significantly  reduced. 


Histological  studies  have  indicated  no  differenceB  in  extensibility 
between  cooked  and  rehydrated  samples.  -Fiber  diameter  measurements  of 
samples  rehydrated  in  72®  F.  and  l8o®  F.  water  do  not  show  any  consist¬ 
encies  in  relation  to  the  per  cent  moisture  regained.  This  .vrould- indi- • 
cate  that  the  moisture  regained  in  a  sample  is  not  necessarily  reflected 
by  the  diameter  of  the  fibers,  but  rather  depends  upon  the  water  holding 
capacity  of  the  proteins  making  up  the  tissue  complex. 

The  taste  panel  evaluation  of  freeze-dried  beef  and  pork  slices  and 
ground  beef  arV  as  followsj  Freeze-drying  does  not  adversely  affect 
flavor.  The  control  and  sustained  juiciness  characteristics  are  enhanced 
if  beef  is  precooked  to  rare  (l40®  ,F*)  rather  thBin  well’ done  (l80®  F.)* 
Pork,  when  precooked  to  an  internal, temperature  of  200®  F.  indicates 
higher  scores  in  flavor  and  initial  tenderness. •  The  dehydration  process 
does  lessen  the  initial  juiciness  of  ground  beef-.'  In  all  samples,  the 
reheating  process  (rehydration  in  l80®  F.)  significantly  reduces  the 
juiciness  and  tenderness  and  increases  the  amount  of  residue. 


Materials  and  Method 

The  freeze-drying  procedure  has-been  carried  out  in  a  F.  S'.  Stokes 
Model  #2003F-2  imit.  U.  S.  Good  grade  Longissimus  dorsi  was  cooked  in  an 
institutional  type  oven  to  three  internal  temperatures  (l4o®,  l60®,  and 
180®  F,),  Pork  Longissimus’  dorsi  was  cooked  to  an  internal  temperature 
of  16O",  180®  and  200®  F.  For  the  gro’und  meat  samples -a  Good  grade  of 
chuck  was  purchased,  ground  twice  through'  a  3/16  inch  plate  and  pan  fried 
until  done.  The  beef  and  pork  loins  were  allowed  to  cool  after  cooking* ' 
and  sliced  inch  thick  on  a  commercial  type  slicer.  Particular  atten¬ 
tion  was  given  to  the  directions  of  the  muscle  fibersj  so  that  a  cut  was 
made  as  nearly  perpendicular  to  the  fibers  as  possible.  Samples  of  all 
types  were  prefrbzen  at  -20®  F,  for  15“17  hours.  Samples  were  either 
placed  directly  on  the  heating  plates  (plate  contact  method)  or  1J4  inch 
above  the  plate  on  a  stainless  steel\me5h  (radiant  heat  principle). 
Freeze-drying  cycles  v?ere  varied  from  two  to  twenty  four  hours.  Plate 
temperatures  were  adjusted  until-  an  optimal  temperature  (I60®  F. )  was 
found  that  resulted  in  an  acceptable  product. 

Moisture  determinations  were  made  on  the  raw,  cooked  and  freeze- 
dried  samples.  At  the  end  of  a  predetermined  drying  cycle,  samples  were 
Immediately  placed  into  desiccators  or  canned  in  vacuum  cans  on  a  commer¬ 
cial  type  canner  which  produced'  a  vacuum  of  17  inches  of  Hg. 
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Upon  removal  from  the  containers,  samples  were  immediately  weighed 
and  the  pei^  cent  moisture  remaining  v/as  calculated  by  the  following  for¬ 
mula: 

Wf  -  ,  -  (W^  X  m^)7 
-  X  100 


where  W-  =  v/eight  of  freeze-dried  sample-,  W  =  weight  of  cooked  sample, 
and  H  Is  ttie  average  per'  cent  ijioisture  of  8he  cooked  roast.’  Since  fat 
determinations  were  iiot  run  along  ‘With  moisture,  this  formula  gives  only 
an  approximate  calculation  of  moisture  remaining;  moisture  content  v/ill 
be  higher  in  the  original  cooked  sample  when  less  fat  is  present.  Mois¬ 
ture  determinations  on  the  freeze-dried  samples,  relatively  fat  free, 
gave  a  more  accurate  determination  of  the  moisture  remaining,  which  in 
most  cases  was  less  than 

Approximately  300  cc  of  rehydrating  solution  was  used  for*  each 
slice  of  freeze-dried  meat.  This  gave  more  than  adequate  fluid  for  com¬ 
plete  rehydration.  After  15  minutes  rehydration,  each  slice  was  blotted 
and  reweighed.  The  per  cent  total  moisture  was  then  calculated  from  the 
change  in  v/eight  and  finally  the  per  cent  moisture  regained  to  the  origi¬ 
nal  was  calculated. 

Raw,  cooked  and  rehydrated  samples  were  removed  from  eui  area  of  each 
sample  approximately  l/a  inches  from  the  edge  and  placed  in  10^  or  ^ 
buffered  formalin;  respectively.  Samples  were  then  dehydrated,  cleared 
and  embedded  in.  paraffin.  Freeze-dried  samples  were  placed  directly  in 
amyl  acetate,  absolute  alcohol  or  a  nitrocelliHose-amyl  acetate  mixture, 
then  embedded  in  paraffin.  Sections  were  cut  at  10  microns .on  a  rotary 
microtome  and  stained  in  a  combination  of  Weigerts,  haematoxylin  and  Van 
Giesons,  resulting  in  differentially  stained  tissue  components. 

Muscle  fiber  diameters  were  first  measured  from  the  cross  sections 
of  the  histological  preparations.  Due  to  difficulty  in  consistently. cut¬ 
ting  the  fibers  at  a  90®  ^gle,  it  was  later  decided  to  measure  the  di¬ 
ameters  directly  from  muscle  fibers  v/hich  were  separated  by  agitation  in 
test  tubes  and  placed  on  slides.  In  this  way,  the  error  due  to  oblique 
cuts  is  essentially  negative.  Twenty  measurements  were  recorded  for  each 
sample  and  averaged,  •  - 

Fiber  extensibilities  were  performed  on  a  dissection  microscope  on 
which  a  millimeter  scale  was  fastened.  The  individual  fibers  were 
pxtended  until  they  broke  and  this  measurement  was  recorded  as  the 
extensibility.  A  minimum  length  of  3  millimeters  was  used  as  the  base 
measurement 

Samples  v/ere  stored  in  vacuum  cans  at  three  different  temperatures; 
room,  refrigerator  (2®  F.)  andj90®  F.  Odor,  color  and  rehydratability 
were  the  main  factors  to'  be  considered  in  the  stored  samples. 

Finally,  taste  panel  studies  were  performed  pn  each  of  the  various 
types  of  meat  samples ,  used  in  this  v/ork. 
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Introduction 


In  attempting  to  enhance  the  rehydration  of  freeze-dried  rav/  beef, 
many  factors  had  to  be  considered.  Previous  studies  indicated  that  size 
of  sample,  orientation  of  the  muscle  fibers,  inter  -  and  intramuscular 
fat  content  and  freeze-drying  cycle  all  influenced  the  subsequent  per 
cent  moisture  of  water  regained  (l^P)*.  However,  the  one  factor  which  is 
primarily  responsible  for  optimum  rehydration  is  the  degree  of  denatvira- 
tion  of  the  proteins  in  the  tissue  complex.  In  order  to  have  an  accept¬ 
able  freeze-dried  sliced  meat  product,  the  rehydrated  item  must  ta^e, 
smell  6ind  have  the  chewiness- characteristic  of  freshly  cooked  meal;.  A 
^mall  change  in  any  of  these  three  factors,-  results  in  an  undesirable - 
product.  In  respect  to  freeze-drying  of  raw  meat,  protein  denaturation 
may  be  held  to  a  minimum  if  proper  means  of  freeze-drying  are  used. 

V/ith  precooked  moat  items,  we  are  confronted  with  an  entirely  nev/  sub¬ 
strate,  one  in  which  some  tissue  components  have  become  tenderized 
(fibrous  connective  tissue),  while  others  may  well  become  toughened. 

All  this  may  be  due  to  the  method  of  cooking  used.  It  was  the  object 
of  this  investigation  to  study  the  rehydration  methods  for.  freeze-dried 
precooked  beef  and  pork  slices  and  ground  beef.  V/e  did  not  attempt  to' 
study  the  biophysics  of  water  uptake  of  precooked  fibers,  as  this  has 
been  excellently  represented  by  the  studies  of  Luyet  et.  al.  (3)  on  raw 
muscle  fibers.  We  would  expect  differences  in  the  rate  and  final  levels 
of  moisture  regained  in  the  precooked  as  compared  to  the  raw  counterpart 
because  of  protein  denaturation  during  cooking.  In  order  to'  interpret  the 
factors  influencing  the  rate  and  extent  of  rehydration  of  precooked  meat, 
it  was  necessary  to  determine  the  final  site  and  rate  of  water  deposition 
by  measurements  of  appropriate  tissue  components.  Experiments  have  been 
conducted  on  the  effect  of  variation  of  freeze-drying  methods,  as  well  as 
experiments  testing  the  effect  of  various  solutions  and  environments  on 
rehydration  levels.  Other  factors  such  as  connective  tissue  content  and 
fat  distribution  were  carefully  considered  in  this  study.  Finally,  a 
preliminary  experiment  was  conducted  in  the  use  of  strain  gauges  and 
linear  variable  transformer  as  a  means  of  objectively  measuring  rehydra¬ 
tion  levels  per  unit  time,  however  lack  of  funds  prevented  completion  of 
this  phase  of  the  study. 


Report 

Of  6ill  factors  concerned  with  tenderness  of  meat,  the  most  signifi¬ 
cant  is  probably  the  amount  and  distribution  of  fibrous  connective  tissue. 
This  component  is  unappreoiably  changed  in  the  freeze-drying  cycle,  but  is 
affected  by  the  cooking  process.  The  apparent  reason  for  selecting  the 
musple,  Longissimus  dorsi  of  a  Good  grade  for  our  experiments  is  quite 
obvious.  This  muscle  has  relatively  the  least  amount  of  fibrous  con¬ 
nective  tissue  and  the  large  muscle  size  somewaht  negates  sampling 
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differences.  It  is  important  to  remember  that  freeze-drying  in  itself 
vdll  not  upgrade  a  beef  product.  In  order  to  produce  a  highly  acceptable 
precooked  beef  item,  the  raw  material  must  be  of  high  quality  and  particu- 
leirly  suited  for  this  type  of  processing. 

Cooking  of  meat  prior  to  freeze-drying  produces  certain  effects  v/hich 
may  affect  the  rehydratability  of  the  final  product.'  At  an  internal 
temperature  of  l40®  P* ,  we  found  that,  the  level  of  rehydration  was  in  the 
90-95  percentile  range  (when  rehydrated  in  v/ater  at  72®  F*).  Comparison 
of  levels  of  rehydration  at  three  different  internal  temperatures  of 
cooking  are  shown  in  Table  I.  In  analyzing  the  results.it  is  Interesting 
to  note  that  there  is  little  difference  in  the  three  groups  of  samples 
when  rehydrated  in  vfater  at  72®  F.  Generally,  rehydration  was  at  a 
higher  level  in  72®  F,  wafer,  and  as  the  roasts  were  cooked  to  a  higher 
Internal  temperature,  the  difference  between  the  rehydration  level  in 
the  72®  F.  v/ater  as  contrasted  to  that  in  180®  F.  water,  remained  approxi¬ 
mately  the  same.  This  trend  was  followed  rather  closely  in  samples  rehy¬ 
drated  in  the  same  temperatures  of  water  with  the  addition  of  0.5?^  tri- 
polyeodiiun  phosphate  as  the  group  above,  with  the  exception  that  0#5^ 
tripolysodium  phosphate  increased  the  hydratability  to  a  slight  degree. 
Microscopic  examinatipns  of  the  cooked  1'40®,  l6o®,  and  l80®  F,  samples 
indicated  the  variations  in  morphology  due  to  cooking.  The  effect  of 
heat  on  components  of  muscle  tissue  per  se  has  been  well  described  in  the 
literature  and  need  not  be  repeated  here,  other  than  to  state  that  the 
effects  of  heat  v/ere  more  pronounced  in  the  samples  cooked  to  l80®  F, 
than  at  1^®  F.  These  effects  (hydrolysis  of  collagen,  fat  translocation^ 
disruption  of  muscle  fibers)  'v/ere  difficult  to  quantitate  because  of  the 
hetero'genicity  of  the  material.  No  correlation^ could  156  seen  between  the 
amount  Of  heat  denaturation  and  the  morphologic^  changes  in  the  tissue, 
other  than  that  described  above. 

One  theory  which  may  e5q)lain  minor  differences  in  rehydratability  is 
particle  size  of  protein  as  related  t6  cooking  temperature.  During  the 
process  of  cooking,  the  extensive  unfolding  of  the  protein  molecule, 
e5q)oses  side  chains,  such  as  aspartic  acid  and  lysine  v/hich  attract  one 
another  and  form  aggregates.  These'  aggregates  reach  a  size  when  they  no 
longer  remain  in  solution  and  thus  precipitate.  This  process,  of  precipi¬ 
tation  is  the  oompl-ete  form  of  denaturation  and  referred  to  as  coagula¬ 
tion.  Extractable  proteins  in  meat  should  be  almost  completely  denatured 
at  a  temperature  of  80®  C.  (5).  Vflien  cooking  to  an  internal, temperature 
of  l^K)®  F.  or  l60®  F,  the  aggregates  formed  are  large.  These  aggregates 
begin  to  break  down  into  smaller  particles  as  the  cooking  process  con-tin- 
ues.  The  larger  aggregate  structure  (l^®  F.  or  l60°  F.)  v/ill  tend  to 
prevent  water  from  entering  the  tissue  particularly  if  this  v/ater  is  at 
the  higher  temperature  of  l80°  F,  Smaller  aggregates  formed  by  longer 
and  higher  cooking  process  shoi^ld  not  be  affected  by  the  hi^  temperature 
of  the  rehydrating  v/ate'r.  There  is  a  tendency  for  those  samples  cooked 
to  a  higher  temperature  to  rehydrate  a  little  better  in  water  at  l80®  F. 
but  the  amount  of  water  regained  is  still  less  than  those  samples  rehy- 
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drated  at  72®  F.  One  would  expect  to  see  a  change  in  the  histomqrpho- 
logical  pattern  to  effect'a  change  in  the  tissue  response  at  these  tv;o 
different  teniperatures,.  however  this  was  not  .evident.  Another  possibili¬ 
ty  is  that  the  hot  v;ater  (l80®  F.)'  used  for 'rehydration  of  the -l40®  F* 
or  160®  F.  group  of  samples,  causes  further  denaturation,  manifested  by 
"case  hardening,"  thereby  preventing' the  ■nebe^sary  amount  of  water  from 
entering  the  tissues.  .Organoleptic  tests  indicate  that  rebydrating  of 
the  1^0®  F.  and  16O®,  F.  samples  in  18O®  F.  result  in  a  tougher  product 
than  those  rehydrated  at  72®  F.  In  another  sdries  of  experiments  pork 
loins  were  roasted  to  three  internal  temperatures  of  16O®  F*,  i8o®  F* 
and  200®  F.  Samples  of  cooked,  freeze-dried  and  rehydrated  pork  slices 
v/ere  taken  for  histological  processing.  The  results  of  the  microscopic 
analyses  will  be  presented  later.  On  the  basis  af  average  per  cent  mois¬ 
ture  regained  there  appears  to  be  a  difference  between  the  two  tempera¬ 
tures  of  rehydrating  fluids  (72®  F.  and  180®  F*),  similar  to  that  found 
in  beef.  (Tablejlt)  However,  as  the  internal  temperature  of  the  pork 
roast  is  elevated  the  rehydratability  of  the  samples  improved,  especially 
when  compared  to  samples  cooked  to  a  low  temperature  (l40®  F.),  Ground 
chuck  was  cooked  in  a  skillet  until  imiformly  brovm,  drained,  prefro"zen 
and  freeze-dried.  Ground  chuck  presented  no  problems  in  the  freeze-dry¬ 
ing  process  or  the  rehydratihg  process.  As  seen  in  Table  III  ground 
chuck  rehydrated  more  completely  than  any  of  the  other  types  of  meat. 

There  seems  to  be  a  great  deal  of  controversy  as  to  the  effect  of 
freeze-drying  on  meat.  V/e  feel  that  in  precooked  samples,  freezerdrying 
has  very  little  to  do  with  protein  denaturation.  Hamm  &  Deatherage- (6) 
have  mentioned  that  the  undesirable  changes  in  meat  during  freeze-drying 
are  not  due  to  freeze-drying  itself  and  the  changes  that  do  occur  are  not 
the  same  as  heat  denaturation.  Microscopically,  freeze-drying  decreases 
muscle  fibers,  condenses  the  collagen',  and  correspondingly  increases 
endomysial  spaces  and  perimysial  spaces.  There  seems  to  be  no  adverse 
effects  of  ice  Jirystal  formation  during  the  pre-freezing  stages  at 
-20®  F. ,  vdth  the  exception  of  some  compression  of  the  muscle  fibers 
into  small  irregular  groups.  Maximum  cCmiJression  of  .the  fibers,  however, 
occurs  during  freeze-drying,  following  the  removal  of  boiind  water  from 
the  muscle  fibers.  1 

In  Tables  IV  and  V  a  comparison  of  muscle  fiber  diameters  of  i’reeze- 
dried  and  cooked  meat  are  presented.  As  eicpected,  the  average,  muscle 
fiber  diameter  has  decreased  about  25'^30^  of  its  original  size  in  the  - 
cooked  sample.  It  also  appears  that  a  difference  in  internal  temperature 
of  the  cooked  sample  has  no  significant. effect  on  the  muscle  fiber  diame¬ 
ter  until  a  relative  '  ■  temperature  is  used.  Decrease  in  muscle  fiber 

size  merely  tells  us  that  water  has  been  extracted  during  the  freeze-dry¬ 
ing  process  and  comparisons  between  fiber  diameter  measurements  of  samples 
rehydrated  in  water  at  72®  F.  and  those  in  0,5%  tripolysodium  phosphate 
indicate  no  differences.  Although  there  is  an  appreciable  increase  in 
water  pickup,  this  was  not  shown  by  any  measurable  increase  in  fiber  di¬ 
ameter.-  ' 

As  mentioned  earlier,  a  plate  temperature  of  I60®  F.  was  selected 

I 
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for  this  work*  This  temperature  allows  complete  dehydration  v/ithout 
adverse  effect  on  the  samples,  however,  it  has  been  observed,  that, 
following  each  cycle  a  thin  layer  of  fatty  residue  has  been  deposited  on 
the  sides  and  ffclnt  of  the  freeze-dryer.  Evidently  the  heat  is  high 
enough,  towards  the  end  of  the  cycle,  to  cause  some  melting  of  fat  and 
its  movement  throughout  the  freeze-dryer  due  to  air  currents  set  up  during 
the  removal  of  moisture.  We  have  ^found  no  adverse  effects  on  the  samples 
themselves,  but  the  possibility  of  the  fat  depositing  on  the  samples  as 
well  as  the  v/alls  of  the  freeze-dryer  could  lead  to  rehydrating  difficul¬ 
ties  (especially  after  storage).  There  is  no  apparent  affect  on  rehydrat- 
ability  immediately  after  removal  of  the  samples  from  the  freeze-dryer. 

Following  preliminary  studies  of  factors  v/hich  may  affect  the  rehy- 
dratability  of  precooked  meat^  time  has  been  spent  in  rehydration  studies 
to  determine  the  final  site  of  water  deposition.  Entrance  of  water  into 
the  muscle  fiber  Is  evident  v/hen  sections  are  examined  ‘ under  the  micro¬ 
scope.  The  muscle  fibers  enlarge  and  the  striations  return  to  their 
normal  appearance,  after  rehydration*..  The  reappearance  of  the  striations 
shows  that  the  muscle  proteins,  actin  and  myosin  have  apparently  undergone 
no  change  at  the  microscopic  level.  Collagen  also  seems  to  reabsorb  water, 
returning  to  its  normal  cooked  appearance.  Endomysial  and  perimysial 
spaces  diminish  in  size,  except  in  those  areas  where  large  spaces  are  pro¬ 
duced  by  ice  crystal  formation  during  the  prefreezing  process.  These 
spaces  apparently  allov/  v/ater  to  enter  the  inch  slices  and  then  passing 
outwardly  rehydrating  the  muscle  fibers.  The  extent  of  rehydration  has 
been  determined  by  v/eight  gain  of  the  individual  slices  during  a  pre¬ 
selected  rehydrating  time  of  15  minutes.  Variation  of  rehydrating  fluids, 
rehydrating  methods  and  rehydration  duration  have  been  utilized  ta  deter¬ 
mine  results  on  the- three  types  of  meat  used  in  this  work.  In  all  three 
types  of  meat  (pork,  beef,  ground  chuck),  we  have  found  that  rehydration 
v/ith  v/ater  at  72®  F.  results  in  a  higher  level  of  moisture  regained  than 
rehydration  with  v/ater  at  l80®  F.  The  possible  explanation  of  this  effect 
has  been  discussed  previously.  In  reviewing  the  rehydration  levels  of 
the  meat  samples,  it  becomes  cleeir  that  the  use  of  tripoly  sodium 

phosphate  solution  does  not  affect  the  rehydration  level  to  a  degree 
superior  to  plain  water. 

In  order  to  decide  the  minimum  ^ount  of  time  for  rehydration, 
samples  of  precooked  beef  and  pork  v/ere  rehydrated  at  5  minute  time 
intervals  in  both  v/ater  at  72®  F.  and  l80°  F.  After  each  five  minute 
interval,  the  sample  was  blotted,  v/eighed  and  placed  back  into  the  rehy¬ 
drating  solution.  Table  VI  indicates  the  average  per  cent  moisture  re¬ 
gained  in  either  72®  F,  or  l80®  F.  v/ater  at  5»  10,  uud  15  minute  time 
intervals.  It  is  obvious  from  this  data,  that  practically  all  rehydra¬ 
tion  takes  place  in  the  first  5  minute  period,  and  certainly  no  more  them 
a  10  minute  period  is  necessary.  It  has  been  our  experience  that  meat 
containing  high  levels  of  interstitial  fat  rehydrate  to  a  lower  level  in 
the  first  5  minute  period  and  act  in  a  similar  fashion  for  the  ensuing 
periods  as  the  other  samples.  This  is  another  indioation  that  the  nature 
of  the  rausple  tissue  used  for  freeze-drying  is  extremely  important  for 
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consideration  of  subsequent  rebydration.  It  was  our  hope  at  this  time 
to  devise  an  objective  method  for  ascertaining  rehydration  potentials 
of  freeze-dried  samples.  In  this  way,  a  recording  could.be  made  of  the 
smaller  increase  in  v/eight  during  the  first  fev/  seconds  of  rehydratlon 
and  this  compared  to  the  different  processing  conditions  and  final  mois¬ 
ture  content  of  the  individual  samples.  However,  since  the  cost  of 
instrumentation  was  prohibitive,  the  work  v;as  not  carried  out  beyond  pre¬ 
liminary  tests. 

Although  considerable, work  has  been  done  by  Luyet  (3)  and  Auerbach 
(2)  on  the  effect  of  prefree^ng  temperatures ' on  the  freeze-drying  and 
rehydration  of  rav;  meat,  little  if  any  work  has  been  conducted  on  pre¬ 
cooked  meat.  Microscopically  our  findings  are  similar  to  those  reported 
in  previous  works.  Freezing  at  -150®  F.  produces  small  intracellular 
spaces  within  the  muscle  fiber  and  the  fibers  do  not  decrease  as  much  in 
size  during  the  freeze-drying  process,  as  those  samples  prefrozen  at  -20®  F. 
The  myofibrils  become  accentuated  as  a  result  of  rapid  freezing  and  are  ■ 
separated  by  small  spaces  due  to  ice  formation.  The'  intermuscular  spaces 
are  not  as  large  nor  as  numerous  as  those  fotmd  in  samples  prefrozen  at 
-20®  F.  These  characteristics  are  seen  in  the  photomicrographs  accompany¬ 
ing  this  report.  The  differences  in  muscle  fiber  diameter  of  the  sauples 
subjected  to  tv/o  prefreozing  temperatures  are  tabulated  in  Table  IV. 
Frozen-dried  samples  prefrozen  at  -150®  F,  show. larger  fiber  diameters 
and  these  also  tend  to  be  larger  follo\d.ng  rehydration  at  72®  F.  v/hich  in 
turn  corresponds  to  an  increase  in  the  per  cent  moisture  regained  (Table 
VII.)  Even  though  these  findings  may  show  a  method  whereby  a  more  complete 
rehydration  results,  it  is -unfcrtunate  that  treatment  with  liquid  nitrogen 
results  in  an  extremely  friable  sample.  The  sudden  temperature  drop  re¬ 
sults  in  fractures  of  both  the  muscle  fibers  and  connective  tissue  com¬ 
ponents.  On.  a  practical  basis,  there  is  no  advantage  in  using  liquid 
nitrogen  as'  a  prefreezing  medium. 

It  has  long  been  considered  that  air  entrappment  isa  factor  which 
reduces  the  level  of  rehydration  of  freeze-dried  meats.  In  order  to  test 
this  theory,  a  group  of  saji\ples  were  rehydrated  in  the  normal  way  i.e, ; 
the  sample  placed  on  the  surface  of  the  rehydrating  fluid,  and  another 
group  immersed  in  the  rehydrating  fluid  for  the  SEime  period  of  time  (15 
minutes).  All  samples  were  weighed  and  rehydration' levels  computed. 

The  average  rehydration  level  for  immersed  samples  was  91*95^  and  for  the 
floated  samples  If  air  entrappment  is  a  factor  in  retarding  rnhy-. 

dration,  then  we  should  expect  a  significant  difference  in  the  rehydration 
levels  of  the  tv/o  groups  of  samples.  A  difference  of  less  than  35^  does 
not  seem  to  be  significaift  enough  to  substantiate  this  belief.  However,  we 
feel  that  the  factors  of  air  entrappment  along  v/ith  all  factors  so  far 
discussed,  aid  in  the  problem  of  rehydration. 
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Storage  Studies 


Six  groups  of  precooked  freeze-dried  samples  have  been  stored  for 
6  months  at  three  different  temperatures*  Table  VIII  indicates  the  nature 
of  the  samples,  temperature  of  storage,  as  well  as  the  length  of  time  in 
minutes  for  complete  reconstitution.  The  odor  and  color  v/as  immediately 
evident  upon  opening  the  cans  of  stored  freeze-dried  meats.  The  effect 
of  storage  on  beef  and  pork  at  room  (72®,  F,)  and  oven  (90®  F,)  tempera-- 
tures  shov/  some  differences.  Beef,  whether  sliced  or  ground,  stored  at 
room  temperature,  has 'a  strong  oxidized  odor,  as  compared  to  pork  which 
is  only  slightly  rancid  in  odor.  These  differences  are  completely  re¬ 
versed  in  samples  stored  at  90®  F. ;  beef  has  a  slight  oxidation  odor  euad 
pork  is  strongly  rancid.  The  pork  precooked  to  200®  F.  internal  tempera¬ 
ture  and  stored  at  90®  F.  is  described  as  being  strongly  rancid  v/ith  an 
oily  or  aldehyde  component  to  the  odor.  Samples  stored  at  refrigerator 
temperatures  are  only  slightly  oxidized  in  both  beef  and  pork. 

Color  changes  were  ftegligible.  The  changes  were  observed  mainly  in 
the  beef  samples  which  had  been  precooked  to  an  internal  temperature  of 
l40®  F.  In  these  samples  the  central  pink  portion  of  the  slices  retained 
its  pink  color  v;ith  only  a  slight  darkening.  Pork  samples  did  not  shov/ 
color  changes  to  the  same  degree  as  beef;  only  very  slight  browning  v/as 
observed.  Upon  opening  the  cans,  all  samples  were  weighed  immediately 
and  the  residual  moisture  calculated.  In  87-9*<^  of  tbe  total  samples 
stored,  moisture  levels  were  well  below  2^*  The  sliced  samples  v/ere  re¬ 
hydrated  by  floating  on  the  rehydrating  fluid  (v/ater  at  72®  F,  or  l80®  F,). 
Hate  of  rehydpation  was  calculated  as  the  time  it  takes  for  the  fluid  to 
completely  rehydrate  the  upper  surface  of  the  sample;  at  this  time  the 
slices  usually  sink  unless  there  is  a  large  amount  of  collagen  or  fat. 
According  to  the  data  shov/n  in  Table  VIII,  pork  precooked  to  an  Internal 
temperature  of  200®  F,,  rehydrated  faster  in  hot  water  regardless  of  the 
storage  temperature  used.  However  pork,  precooked  to  l60®  F,  and  stored 
at  58®  F,  or  90®  F.  reacts  just  the  opposite.  A  possible  explanation  of 
this  is  the  spread  of  fat  over  the  slices  v/hich  may  change  in  nature  dur¬ 
ing  storage.  Cold  v/ater  may  be  unable  to  penetrate  this  layer  and  hence 
the  increased  time  for  rehydration,  whereas  hot  v/ater  will  readily  melt 
this  fat  layer  and  rapidly  enter  the  tissues.  The  surface  of  the  hot 
rehydrating  fluid  contains  a  large  amount  of  fat  which  has  come  from  the 
rehydra  ting  samples.  At  the  same  time,  it  appeeirs  that  the  water  holding 
capacity  of  the  tissue  proteins  has  been  affected  by  storage.  Rehydration 
in  water  at  room  temperature  still  results  in  a  product  that  regains  more 
water  than  that  rehydrated  in  water  at  I80®  F.  In  all  samples  that  have 
been  stored,  the  per  cent  moisture  regained  of  the  original  moisture  con¬ 
tent  is  significantly  Ibwer  than  in  the  unstored  -samples  (Table  IX) .  The 
data  indicate  a  general  tendency  for  sill  samples  to  decrease  in  rehydrat- 
ability  as  the  temperature  for  storage  is  increased  from  58®  F,  to  90®  F, 
In  the  process  of  rehydration  with  water  at  room  temperature  a  brbwnish 
material  is  dissolved  out  into  the  rehydrating  solution.  Pork  shov/s  this 
to  a  lesser  degree  than  beef.  Samples  rehydrated  in  hot  water  do  not 
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shov/  this  cheiracteristlc  at  all 


Organoleptic  Studios 

Formal  taste  studies  v;ere  conducted  on  the  acceptability  of  freeze- 
dried  meat  products*  In  all  cases  the  controls  consisted  of  precooked 
frozen  slices  of  beef,  pork  and  ground  beef.  The  general  conclusions  are 
as  follov/ss 


Sliced  Beef 

1.  Flavor  Flavor  was  scored  on  a_soale  ranging  from  9/sxcellent  s 
pleasing,  normal  flavo:^  to  1/unac cep table  s  strong  off  flavors 
presen;^.  The  analysis  of  variance  of  the  scores  shov/s  that  the 
quality  of  the  flavor  v;as  similar  in  samples  cooked  to  l40*  F.  or 
180°  F,  The  treatment  given  to  the  meat  i*©*  t  Freeze-dried,  re¬ 
heated;  freeze-dried,  cool;  and  frozen,  reheated  did  not  influence 
the  quality  of  the  "flavor. 

2.  Initia].  tenderness  '  The  analysis  of  variance  shows  that  the  initial 
tenderness  of  the  meat'  was  not  affected  by  the  degree  of  doneness 

.(140*'  or  180“  F)»  Freeze-dried,  reheated  and  frozen,  reheated 
samples  were  given  similar  scores  by  the  judges.  Rehydrated  freeze- 
dried  (cool)  samples  were  significsintly  more  tender  than  either  of 
the  above*  This  shows  that  even  a  short  reheating  period  significant¬ 
ly  decreases  the  tenderness  of  freeze-dried  meat.  Any  difference  5^ 
tenderness  v;hich  may  have  been  present  between  freeze-dried  and 
frozen  samples  before  reheating  were  not  evident  after  the  samples 
had  heen  reheated. 

I  •  • 

5*  Residue  -  Scores  for,  amounts  of  residue  were  similar  for  samples 
roasted  to  l40®  and  I80®  F*  Treatments  differed  significantly  in 
their  effects  on  amount. of  residue,  frozen,  reheated  samples  con¬ 
tained  less  residue  than  freeze-dried,  reheated  pieces.  The  freeze¬ 
drying  process  adversely  affects  this  characteristic.  The  freeze- 
dried  cool  samples  have  significantly  less  residue  than  the  corre¬ 
sponding  reheated  pieces  showing  that  the  reheating  process  eO,so 
increases  the  amount  of  residue, 

4.  Initial  .juiciness  Meat  roasted  to  l40®  F.  was  scored  significantly 
higher  in  initial  juiciness  than  that  cooked  to  180®  F,  Frozen, 
reheated  and  freeze-dried-reheated  samples  were  not  significantly 
different  in  this  respect.  Again  any  differences  in  cool  samples 
were  masked  by  the  effect  of  the  reheating  period.  Freeze-dried- 
cool  samples  were  significantly  more  juicy  than  the  freeze-dried- 
reheated  ones.  The  significant  internal  temperature  times  treat¬ 
ment  interaction  shov;s  that  these  effects  are  combining  to  make  the 
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meat  more  Juicy  when  cooked  to  F. 


5.  Sustained  Juiciness  As  with  initial  Juiciness,  meat  cooked  to  l40“  F. 
is  more  Juicy  than  that  cooked  to  18O®  F.  The  freeze-dried  process 
has  significantly  increased  the  sustained  Juiciness  of  the  meat  as 
indicated  when  the  freeze-dried-hot  and  frozen-hot  means  are  compared. 
The  reheating  process  has  significantly  lowered  the  juiciness  of  the 
freeze-dried  meat. 


Sliced  Pork 

1*  Flavor  The  treatments  given  the  samples  did  not  influence  the  quali¬ 
ty  of  the  flavor.  The  Judges  gave  higher  scores  to  meat  which  v;as 
roasted  to  200“  F,  than  to  samples  cooked  to  18O®  F. 

2,  Initial  tenderness  Samples  cooked  to  200°  F,  internal  temperature 
were  more  tender  than  those  cooked  to  a  l80°  F.  end  point.  Freeze- 
dried,  reheated  and  frozen,  reheated  samples  were  given  equivalent 
scores  by  the  Judges.  Freeze-dried  samples  vfhioh  were  not -reheated 
were  more  tender  than  either  of  the  other  samples.  Apparently  the 
reheating  process ' affects  the  tenderness  of  the  samples  markedly, 
while  the  dehydration  which  occurs  during  freeze-drying  has  little 
effect  on  tenderness. 

3,  Residue  In  contrast  to  the  other  palatability  characteristics,  the 
amount  of  residue  is  not  affected  by  the  degree  of  doneness.  Freeze- 
dried,  reheated  samples  had  more  residue  than  frozen,  reheated 
samples.  The  large  difference  between  freeze-dried,  reheated  and 
freeze-dried  samples  which  were  not  reheated  shows  that  reheating 
adversely  affects  the  amount  of  residue. 

4,  Initial  Juiciness  As  would  be  expected,  pork  cooked  to  l8o°  F« 
received  higher  initial  Juiciness  scores  than  that  cooked  to  200°  F* 
The  significant  difference  among  treatment  means  indicates  that  the 
dehydration  process  and  reheating  process  lov/er  the  Juiciness  of  the 
meat. 

5*  Sustained  Juiciness  (See  comments  for  initial  Juiciness). 

Ground  Beef 

1,  Flavor  The  treatment  given  to  ground  beef  samples  did  not  affect 
the  quality  of  the  flavor. 

j 

2.  Initial  tenderness  The  reheating  process  significantly  reduced  the 
tenderness  of  freeze-dried  meat.  Any  differences  due  to  the  dehydra¬ 
tion  process  was  masked  by  the  effect, due  to  reheating. 
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5-, — Residue  -  The  reheating  process  signif  ieairtly- -inoreasedr-the  amount — 
of  residue.  Differences  due  to  the  dehydration  process  were  not 
significant  in  this  experiment. 

4.  Initial  .luioiness  The  significant  difference  between  freeze-dried, 
reheated  and  frozen,  reheated  shows  that  the  dehydration  process 
lessens  the  initial  juiciness  of  ground  beef.  Reheating  reduces 
thft  juiciness  of  ground  beef  more  than  dehydration. 

5»  Sustained  .juiciness  The  sustained  juiciness  of  the  samples  was  not 
affected  by  the  dehydration  process.  Reheating  signficantly  lowered 
the  scores  for  this  characteristic. 
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TABLE  I 


COMPASISON  OF  EBHYDEATION  LEVELS  OF  POBK  SLICES  PRECOOKED'  TO  DIFFERENT  TMP: 


TABLE  III 

REHYDRATION  LEVELS  OF  GROUND  BEEF 


Rehydration  . 
Temperature 

Average  per  cent 
moisture  regained 

720  F, 

97.7 

mgm 

96.7 

72«  F, 

0.55^+Tripoly- 
sodium  phosphate 

99;  8 

180"  F. 
Tripoly¬ 
sodium  phosphate 

100.0 

MUSCLE  FIBER  DIAMETERS  (MICRONS)  BEEF 


TABLE  V 


'  TABLE  VII 

INFLUENCE  OF  PREFREBZING  TEMPERATUI^ 
ON  AVERAGE  %  I^IOISTURE  REGAINED  ; 


TABLE  VIII 

Average  Time  in  Minutes  of  Complete  Reconstitution  of  '^Storage  Samples 


Semple  Type 

Precooking  Temp. 

1 

Hehydrating 

Solution 

PORK 

160»  F* 

COLD 

■  11.0 

1.6 

PORK 

200»  F. 

COLD 

12,6 

15.0 

15.0 

BEEF 

l80»  F. 

COLD 

4.0 

.50,0 

50.0 

BEEF 

176®  F. 

COLD 

4*5 

-• 

- 

PORK 

160®  F. 

HOT 

8*0 

9.8 

5.9 

PORK 

200*  F. 

HOi 

5*9 

2.7 

5.5 

beef 

180*  F. 

HOT 

7.5 

7.75 

6.75 

BEEF 

176®  F, 

1 

HOT 

2.0 

- 

TABLE  IX 


TABLE  X 


Boef  -  residue  Anova 


sv 

df 

sa  -■ 

_ m _ _ 

-P _ 

Total 

143 

430^.417 

Animal 

3 

5*062 

1.687 

1*928 

Int  temp 

1 

0*146 

0*146 

0.167 

Trt 

2 

26*261 

13*131 

15*007** 

Judge 

5 

260*075 

52*015 

59*446** 

Ax  IT 

3 

7*193 

2*398 

3*358* 

A  X  T 

6 

11*6U 

1.935 

2*211 

A  X  J 

15 

22*273 

1*485 

1*697 

IT  X  T 

2 

4.483 

2.243 

2.563 

IT  X  J 

5 

.3*113 

0.623 

0.712 

T  X  J 

10 

10*596 

1.060 

1.211 

Residual 

_ _ 

79.602 

•  Sig  at  *05  level 
•*  Sig  at  *01  level 


IT 

X  T  Means 

(diff-  noii-s: 

■g) 

FD-hot 

FB^cooi 

F-hot  1 

WBsm 

5*8  . 

^♦2 

1 

1  180' 

5*9' 

.  6;6  ^ 

T  means 


EaBMI 

WKSSKi 

- -  .'T^ - * 

♦  ?<  .C5  '  rfiJiketed -means 


TABIJS'XI 

'  '  i 

Beef  -  Initial  Jtxioiness 


sv 

df 

33  ~ 

MS 

F 

Total 

143 

446.173 

Animeil 

3 

14.489 

4.830 

6.880** 

Internal  temp 

1 

51.600 

51.600 

73.504** 

Treatment 

2 

104.990 

52.495 

74.779** 

Judge 

3 

98.131 

19.626 

27  .'937** 

Ax  IT 

3 

30.984 

10.328 

14.712** 

Ax  T 

6 

19.837 

3.306 

4.709** 

A  X  J 

15 

33.333 

2.236 

3.185** 

IT  X  T 

2 

5.ao8 

'2.6o4 

3.709* 

IT  X  J 

3, 

9.192 

1.838 

2,618* 

T  X  J 

10 

14.337 

1.434 

2.043* 

Residual 

91 

63*872 

0.702 

'*  Sig,  at  *05  level 
*•  Sig.  at  *01  leyeil 


IT 

sig  at  .05  ] 

Level) 

1__1 

FD-hot 

FD»c6ol 

iwsim 

'-5.7 

7.8, 

4.8 

.6,1 

CM_J 

Mean  juiciness  scores  for  eu*"  trt  are 
higher  in  meat  roasted  to  l4o  rather 
than  l80«  Trt  &  int  temp  are  inter¬ 
acting  to  increase  init-  juiciness.  ' 


Trt  Means 


1  FD-hot 

B2SEQIi 

*  P<  *05. between  bracketed  means 


TABLE  XII 


Beef  -  Sustained  juloineas 


M _ df _ S3  MS _ 


Total 

143 

461.230 

..  - 

Animal 

3 

lff.623 

6.204 

7.G34** 

Trt 

2 

71.971 

35.986 

40.800** 

Internal  temp 

1 

34.760 

54.760 

62.086** 

Judge 

5 

125.060 

25.012 

28,358** 

A  X  IT 

3 

26.296 

8.765 

9.938** 

A  X  T  ■ 

6 

22.063 

3.677 

4.169** 

A  X  J 

15 

40.587 

2.706 

3.068** 

IT  X  T 

2  . 

5.202 

2.601 

2,949 

IT  X  J 

5 

10,783 

2,157 

.  2.446* 

T  X  J 

10 

5.649 

0.565 

0.641 

Besldual 

1--91 

80.236 

0.882 

•  Sig.  at  *05  level 

*•  Sig,  at  *01  level 


IT  X  T  means  (di££  non-sig) 


i  FD-hot  1 

MigagEMI 

F-hot  1 

'•7.6 

—  5.8 

I  no  interact  between  IT  &-  T  to 

increase  or  decrease  sust  juiciness 


Trt  Means 


HEuSSSSH 

IIEBI&ESiH 

■iSiSHHI 

•  P<  ,05  between  bracketed  means 


I 


TABLE  XIII 


Beef  -  Flavor  Anova 


F 


5 


sv 

df 

•  SS 

MS 

F 

Total 

390.257 

Animal  (A) 

3 

9.095 

3.032 

2.397 

Internal  temp  (IT) 

1 

3.933 

3.953 

3.109 

Treatment  (T) 

2 

5.821 

,2-.911 

2r301 

JUdge  (J) 

5 

129.062 

25.812 

20.4t)5** 

Ax  IT 

3 

6.993 

2.531 

1.843 

A  X  T 

.  6 

25,798 

4.300 

3.399**. 

A  X  J 

15 

46,260 

3,084 

2; 438** 

IT  X  T 

2 

2,108 

1.054 

0.833 

IT  X  J 

5 

21,865 

4.373 

3.457** 

T  X  J 

10 

24.084 

2,4o8 

1.904 

Residual 

91 

115.118 

1.265 

**  Sig.  at  *01  level 
^  (IT  X  T  Means)  difference  non-slg^ 


FD-hot  FD-cool  F-hot 


BISI 

WBSM 

mi 

mm 

mmm 

■ail 

Treatment 


Means  (differences  non-slg*) 


msmm 

FD-cool 

F-hot 

5.8 

_ 

5.8 

TABLE  XIV 


Beef  -  Initial  tenderness  -  Anova 


sv 

df 

SS  . 

MS’ 

F 

Total 

Animal 

I43 

3 

241.217 

24.353 

8.118 

9.852** 

Int*  temp* 

1 

-.0.122 

34.446 

0.122 

0.148 

Treatment 

2 

17.223 

20.902** 

Judge 

5 

31.916 

6.383 

7*746** 

Ax  IT 

3 

12.017 

4.006 

4.862** 

A  X  T 

6 

3*535 

0.589 

0.715 

A  X  J 

15 

40.251 

2:683 

3.256** 

IT  X  T 

2 

4.507 

2.254 

2.735 

IT  X  J 

5 

6.001  • 

1.200 

1.456 

T  X  J 

10  . 

9.097 

0.910 

1.104 

Residual 

.  91  , 

74.972 

J 

*• 


Sig*  at  »01  level 


IT  X  T  Means  (difference  non-sig«) 


FD-hot 

FD-cool 

F-hot  ■ 

wasm 

wmsmm 

6.3.  - 

676^ 

-JLd _ 

6.8 

Trt  Means 


FD-hot 

FD-cool 

F-hot 

7.b 

•  P  <.  .05  between’  bracketed 
means 


TABLE  3CV. 

Pork-Flavor  Anova 


sv 

ss 

MS 

F 

Total 

14-3 

237.377 

12.999** 

A 

y 

39.347 

13.116 

14.436** 

IT 

1 

14.566 

14.566 

0.364 

T  ,• 

2 

0.754 

0.367 

7.356** 

J 

5 

37*108 

7.422 

A  X  IT 

3 

0.38a 

0.127 

0.126 

Ax  T 

6 

3.206 

0.534 

0.529'  ' 

A  x  J 

13, 

27.422 

1.828 

1.812 

IT  X  T 

2 

3.202 

1.601 

1.587 

IT  X  J 

5 

8.793 

1.759 

1.743, 

T  X  J 

10 

10.785 

1.079 

,1.069 

Residual 


91 


91.832 


1.00' 


TABLE  XVI 


Pork-Initial  Tenderness  Anova 


sv 

df 

SS  . 

MS. . 

-  F  “ 

Total 

143 

519.413 

* 

A 

3 

28o;580 

93.527 

97.729** 

IT 

1 

10*133 

10,133 

10.,588** 

T 

a 

47.975 

23i988 

25.066** 

J, 

5 

40.828 

8.166 

8.533** 

A  X  IT 

3 

3.669 

1.223 

1.278 

A  X  T 

6 

5.288 

0,881 

0.921 

A  X  J 

15 

28,881- 

1.925 

2.011* 

IT  X  T 

2 

2.776 

1.388 

1.450 

IT  X  J 

5 

4.897 

0,979 

1.023 

T  X  J 

10 

7.272 

0,727 

0.760 

Residual  . 

91 

87.114 

_ o».95.7,  . 

•  Sig,  at  «05  level 

**  Sig*  at  *01  level 

7 


IT  X  T  means  1 

idlff.  not 

sig.O. 

FD-cool' 

F^hot  1 

mmm 

4.9 

6.4 

■um 

200 

5.6 

6,6 

T  means 

- 

FD-hdt 

FD-cool 

F-hot 

■dm 

'  bijy 

iw£m. 

•  ,05  between  bracketed  means 


TABLE  XVII 


Pork-Residue  Anova 


sv 

df 

SS  -  - 

MS 

F 

Total' 

143 

478.636 

■*  * 

■■  1 

A 

3 

100.475 

33.492 

38.990** 

IT 

1 

0.765 

0^765 

0.891 

T 

2  •  ••  • 

18.647 

9.3^5 

10.856** 

J 

5 

164.099 

32.820 

38.207** 

A  X  IT 

3 

'  2..927 

0.976 

1.136 

A  x^T 

6 

7.855 

1.309 

i‘.524 

A  X  tT 

15 

73.170 

4.878 

5.679*,* 

IT  X  T 

2 

7.616 

3.808 

4.433*' 

IT  X  J 

5 

14-486 

2.897 

3V373** 

T  X  J 

10 

10.451 

1.045 

i;2i7 

Residual 

- ^ - 

78.145 

•  Sig,  at  ,05  level 
••  Sig.  at  .01  level-L 


ITx 

T  (sig.  a1 

;  .05  level] 

FD-hbt 

FD-cool 

180  ^ 

Km 

6.4 

wmm 

. . 

. .. 

•  ^ 

T  means 


itanHKiBBa 

*  P<.  .05  between  bracketed 
means 


TABIiB  XVIII 


Pork  r  Initial  Juiciness  Anova 


sv 

df 

ss 

MS 

F 

Total 

143 

466.178 

A 

3 

98.016 

32.672 

25.585** 

IT 

1 

25.4i8 

25.418 

19.904** 

T 

2 

98.899 

49.450 

38.724** 

J 

5 

58.255 

U.65I 

9.124** 

A  X  IT 

3 

11.706 

3.902 

3.056* 

A  X  T 

6 

4.097 

0;683 

0.535 

A  X  J 

15 

32.973 

2,198 

1.721 

IT'x  T 

2 

4.765 

2.383 

1.866 

-IT  X  J 

5 

0.763 

0.155 

0.120 

T  X  J 

10 

15. UO 

1.511 

1.183 

Residual 

_ 2i _ 

116,177 

•  Sig.‘  at  *05  level 
**  Sig*  ftt^fOl  l^vel 


IP  X  T  means  (diff.  noa^aig*) 


IHH 

■Bggai 

\m^ 

4.0 

mtsmm 

un 

1  200 

_ 

5.1 

wtssmi 

T  means 


*  P  ^  *0^  between  bracketed  means 


a?ABLE  XIX 


Pork  -  Sust»  Juiciness 


sv 

df 

SS- 

MS  ' 

■  F  '  •  . 

Total 

1^3  . 

426,952 

A 

3 

87.496 

29.165 

22.179**  • 

IT 

1 

17.920 

17.920 

15.627** 

T 

2 

71i508 

■35.754 

27.189** 

J 

5 

65.491 

15.098 

9.960** 

A  X  IT 

3 

.15.765 . 

5.255 

5.996* 

A  X  T 

6 

3'.115 

.  0.519  ' 

0.595 

A  X  J 

15 

24;501 

1.653 

1.242 

IT  X  T 

2 

8.577 

4.189 

5.186* 

IT  X  J 

5 

0.193 

0.059 

0.050 

T  X  J 

10 

12.965 

1.297 

0.986 

Kesidu'al 

. . 3JL'. _ 

119.621 

_ _ 

•Sig.  at  .05  level 
**Sig.  at  *01  level 


11 

X  T  means 

(sipc.  at  , 

05  level) 

FD-hot 

F-hot  1 

mm 

4.4- 

6.6 

mssfm 

■4,0 

mBEmm 

5.0  .1 

T  means 

HiSiSXl 

FD/.cool  Frhot  1 

*  P<  .Q5  between  bracketed  means 


TABLE  XX 

Ground  beef  -  Flavor  Anova 


sv 

'T 

,df 

SS 

MS-- 

•  F 

Total 

71 

103*340 

Lot 

3 

9.820. 

3.273 

3.641* 

T 

2 

5.180 

2*580 

2.870 

J 

5 

31.567 

6*313 

7.022** 

L  X  T 

6 

7.160 

1*193 

1.327 

L  X  J 

15 

13.233 

0*882 

0*981 

T  X  J 

10 

9.433 

0*943 

1*049 

Hesidual 

3P 

26.967 

^0*899  . 

•  Sig,  at  »05  level 
••  Sig,  at  *01  level 


T  means  (dlff.  non-si; 


«  f 


TABLS  XXI 


Ground  beef  -  Initial  tenderness  Anova 


SV  df 

Total  ?1 

3 
2 
5 


L  X  T  6 
L  X  J  15 
T  X  ’J‘  10 

Reaidual _  30 


•  Sig,  at  .05  level 
••  Sig.  at  .01  level 


ss 

MS 

F- 

94.400 

?.280 

2.427 

3. on* 

13.730 

6*  860 

8.511* • 

23.233  , 

4.647 

5.766** 

13.CpO 

2.167 

2.689* 

9.434 

0.629 

0.780 

3.567 

0.357 

0.443 

24.166 

0.806 

T  means 


•  P  <  .05  between  bracketeji  means 


TABLE  XXII 


Ground  beef  -  Residue  Anova 


sv 

df 

SS  . 

MS 

F 

Total 

71 

100.4^0 

.  , 

li 

3 

8,642 

2,881 

4.001* 

T 

2 

13.182 

6.591 

9, 154** 

J 

5 

30.770 

6.154 

8. 547** 

L  X  T 

6 

5,644 

0.941 

1,307 

L  X  J 

15 

16.175 

1.078 

1,497 

T  X  J 

10 

4.458 

0,444 

0.617 

Residual 

30 

0,720 

•Sig,  at 

,05  level 

-  ■ 

**  Sig,  at 

.01  level 

T- means 

FDrhot 

FD-cool 

.'F-hot  •  1 

man 

b',14 

•  P  <,05  1 

between  bracketed  means 

tr* 


TABLE  XXIII 

Ground  beef  -  Initial  juiciness  Anova 


SV 


Total 


L  X  T 
L  X  J 
T  X  J 


m 


Residual 


••  Sig«  at  .01  level 


T  meerns 


(S 

HS 

F 

l42,380 

10.780 

3.593 

7.172** 

68.040 

34.020 

67.904** 

10.567 

2.113 

4.218** 

21.560 

3.593 

7.172** 

8.766 

0.584 

1.166= 

7*633 

0.763 

1.523 

15.034. 

' . Otgoi _ : 

P  -ci.  .05  between  bracketed  means 


TABLE  XXIV 


- 

Ground  beef 

-  Suot. 

juiciness  Anova 

sv 

df 

SS  ’ 

MS 

F 

TOTAL  ' 

71  ‘  . 

141,840 

L 

5 

12,320 

4.107 

6.540** 

T 

2 

65.920 

32^960 

52.484** 

J 

5 

8.233 

1.647 

2.623* 

L  X  T 

6 

18.400 

3.067 

4.884** 

L  X  J 

15 

8.56? 

0.571 

0.909 

T  X  J 

10 

9.567 

0.957 

1.524 

Residual 

_ 20 _ 

18.833 

0.628 

\ 

*Sig.  at  *05  level 
••  Sig.  at  *01  level 


T  means 


FD-hot  •  1 

FD-cool 

F-hot 

414  '• 

■  -6116 

*  P^*05  between  bracketed  means 


PLATE  I  ’ 

t 

'Longitudinal  and  transverse  sections  of  raw  beef  and  pork  longlsslmus 
■dorsl.  Formalin  fixed* 

^Figure  1*  Raw  beef  control.  Transverse  section. 

Figure  2*  Raw  beef  control.  Longitudinal  section. 

Figure  3*  Raw  pork  control.  Transverse  section.  Sacrolemraa  is  pulled ; 
away  from  muscle  fibers. 

Figure  4.  Haw  pork  control.  Longitudinal  section.  ! 


#li  PN  200X 


PUTE  II 


Figure  5» 

Figure  6, 
Figure  ?, 

Figure  8, 


Beef  cooked  to  an  internal  temperatue  of  175*  F.  Central 
area  of  photograph  shows  collagen  degradation.  Endomysial 
spaces  have  diminished  in  size. 

Longitudinal  section  of  same  sample  in  Figure  5* 

*  -  I 

Transverse  section  of  pork  cooked  to  an  internal  temperature 
of  l80“  F.  showing  collagen  degradation  and  diminished  size  of 
endomysial  spaces. 

Longitudinal  section  of  sample  in  Figure  ?• 


PLATE  ir 


PLATE  III 


Figure  9*  Transverae  aectioh.  Beef,  cooked  to  175®  F,  and  freeze-dried 
for  8  hours*  liarge  space  in  upper  right  corner  is  the  result 
of  ice-column  formation  during  pre-freezing*  Muscle ' fibers 
are  fused  in  some  areas  and  the  general  uniform  appearance  of 
the  muscle  bundle  has  been  disrupted* 

Figure  10*‘  Longitudinal  section  taken  from  adjacent  area  to  that  in 

Figure  9*  Muscle  fibers  are  grouped  together  as  a  result  of 
ice  colmtih  formation* 

Figure  11*  Transverse  section.  Pork,  cooked  to'  an  internal  temperature 
of  188“  F*,  then  freeze-dried  for  16  hours,'  Fibers  show  an 
inconsistency  in  dehydration  with  the  majority  of  fibers  being 
transluscent  as  contrasted  to  Figure  9  and  10  where  the  fibers 
6u:e  uniformly  opaqUe*  There  is  excessive  fragmentation  and 
the  saroolemraa  appears  to  be  accentuated. 

Figure  12,  Longitudinal  section  to  show  characteristics  described  in 
Figure  11* 


PIATE  HI 


Figure,  13. 


Figure  14, 


PLATE  IV 

Transverse  section*  Pork,  cooked  to  188®  F, ,  freeze-dried 
16  hours,  then  rehydrated  in  water  at  room  temperature 
(72^  F*).  Endomysial  spaces  are  widened,  muscle  fibers 
show  fragmentation  and  sacrolemma  is  accentuated,  X200* 

Longitudinal  section  of  samples  treated  the  same  as  Figure 
13.  Extensive’  fragmentation  of  muscle  fibers  and  accentua¬ 
tion  of  the  sacrcolerama,  X200. 

Transverse  section.  Beef,  cooked  to  175*  F.,  Freeze-dried 
for  8  hours  and  rehydrated  in  water  at  room  temperature. 
Muscle  fibers  are  enlarged  and  general  appearance  tend  to  be 
irregular,  ‘ 


Figure  13 


PLATE  V 


Figure  l6»  Transverse  section.  Pork,  rehydrated  in  hot  water  (180“  F,). 

Muscle  fibers  tend  to  remain  in  'groups  wi'th  some  fusion  of 
fibers  apparent  (upper  left).  Ehdomysial  spaces  are  narrower. 
Sarcolemma  is  very  well  defined* 

Figure  17*  Longitudinal  section.  Pork,  rehydrated  in  hot  water.  Muscle 
fibers  are  fused  but  show  a  normal  appeatrance  otherwise. 


Figure  l8»  Transverse  section.  Pork,  rehydrated  in  hot  tripolysodium 
phosphate.  There  is  no  apparent  difference  from  the  sample 
in  Figure  l6# 

Figure  19*  Longitudinal  section.  Pork,  rehydrated  in  hot  tripolysodiinn 
phosphate.  Similar  to  Figure  17  except  that  the  fiber  in  the 
center  shows  the  effect  of  kinking  and  the  large  space  is  the 
result  of  ice  column  formation  during  freezing. 
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PLATE  VI 

Figure  20«  Traoisverse  section*  Beef,  cooked  to  l40*  F.,  freeze-dried 
8  hours,  and  rehydrated  in  water  at  l80*  F.  Pho tom ior ©graph 
shows  a  non-uniformity  in  rehydration  of  muscle  fibers  with 
fragmentation  of  some  fibers  and  fusion  of  others,  A  group 
of  fat  cells,  devoid  of  fat,  is  seen  centrally. 

Figure  21,  Longitudinal  section  of  a  similar  rausole  in  Figure  20  show¬ 
ing  fragmentation  and  effects  of  kinking.  Borders  of  indi¬ 
vidual  fibers  are  accentuated. 
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